Introduction
Pancreatic development is a complex process. However, pancreatic congenital anomalies are a rare entity. Among these anomalies, dorsal agenesis of the pancreas is the rarest. Even rarer is the association between dorsal agenesis of the pancreas and pancreatic tumors. It can be asymptomatic and diagnosed incidentally during investigations carried out for unrelated causes, or symptoms including abdominal pain, diabetes mellitus, jaundice, and weight loss might present initially. Other anomalies might be present as well, in association with dorsal agenesis of the pancreas such as polysplenia, ectopic spleen, mesenteric malrotation, bicornuate uterus, and cardiac anomalies [25] .
To our knowledge, around 58 cases of dorsal agenesis of the pancreas have been reported from 1913 till 2015, and around nine cases only were associated with pancreatic tumor. We present a case of dorsal agenesis of the pancreas associated with pancreatic tumor, along with ectopic splenia, mesenteric malrotation, and vascular malformations.
Case Presentation
This is the case of a 29-year-old male patient presenting to the hospital with a 2-month history of abdominal pain, worsening progressively then localizing in the right upper abdominal quadrant and radiating to the back over the last 2 weeks. Patient admits one episode of abdominal pain a year ago, due to which he underwent an endoscopic gastroduodenoscopy that revealed diffuse mild gastritis and no evidence of Helicobacter pylori infection. Patient was treated with a 3-month course of protonpump inhibitors with clinical improvement in his pain. He denies any gastrointestinal symptoms since then. He has no past medical or surgical history and no allergies, does not consume alcohol and is not a smoker.
No pertinent signs were found on physical examination. This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
At first, ultrasound of the abdomen was performed showing a right subhepatic complex cystic lesion 12 9 7 9 6 cm containing dense debris inside and a thick wall.
Magnetic resonance cholangiopancreatography (MRCP) was performed showing a loculated mass, 5.6 9 9.7 cm, located behind the head of the pancreas, displacing it anteriorly and to the right. The body and tail of the pancreas were not visualized (Fig. 1) .
Abdomino-pelvic CT scan was performed showing a multiloculated cystic retroperitoneal lesion at the level of the second portion of the duodenum in continuity with the pancreatic head which is displaced anteriorly and to the right (Fig. 2) associated with a mild malrotation of the mesentery and proximal small bowels (Fig. 3) . Vascular variation was noted (Fig. 3) , along with ectopic splenia (Fig. 4) .
Laboratory studies showed the following: hemoglobin 12.8 g/dL, white blood cells 5000/mm 3 , neutrophils 53%, platelets 345,000/mm Endoscopic ultrasound (EUS) was performed, and cyst aspirate was retrieved. Analysis of the aspirate revealed the following:
• Culture: Escherichia coli growth, resistant to ampicillin.
• Pathology: Necrotic inflammatory smear with no suspicious content, poorly cellular with no ductal cells, no atypical cells.
• Amylase = 982 l/L; lipase = 4498 l/L.
• CEA = 700 ng/mL; Ca19-9 = 10.8 l/mL.
Based on the data collected at that point, the cyst was considered benign and cystojejunostomy was planned.
In the operating room, a right subcostal incision was made, and inspection and palpation of the abdominal organs revealed no evidence of metastatic lesions or carcinomatosis. Chevron incision was then performed, and the transverse colon was not in its anatomical position, with the hepatic flexure located inferiorly around the right gutter. Kocher maneuver was performed, and the cyst was identified in the pancreatic head. Cyst fluid was suctioned with care taken to avoid any spillage; then, intraoperative wedge biopsy was performed and sent to the pathology laboratory as frozen. Results came back positive for mucinous cystadenocarcinoma, moderately to poorly differentiated cells, ductal in origin.
At this point, Whipple procedure and total pancreatectomy were decided.
Dissection was started at the hepatic pedicle, identification of the common hepatic duct, portal vein, and right hepatic artery. The anatomical variation at this level was as follows: superior mesenteric artery branching off the celiac trunk, superior mesenteric vein superficially located with a malrotation of the mesentery, and a right-sided ligament of Treitz. Furthermore, a total absence of the pancreatic body and tail was noted. Cholecystectomy was performed. Common hepatic duct was divided and enterectomy was performed, and retroportal pancreatic dissection with ligation of venous tributaries and total pancreatectomy were performed. Lymph node dissection around the hepatic artery and celiac trunk was performed, and hepaticojejunostomy and Roux-en-Y gastrojejunostomy were performed as well. Specimen was removed en bloc and sent to the pathology laboratory for analysis.
Macroscopically, the pancreatic piece was 14 9 7.5 9 7.5 cm showing on cut section a partly necrotic partly cystic surface, and the cyst measures 6.5 9 4 cm and is surrounded by a necrotic parenchyma. Another cystic pouch is seen in the lateral aspect of the pancreas.
Microscopically, the cyst located in the lateral peripancreatic region is composed of dense mesenchymal tissues (muscle, fat, cartilage) admixed with neural elements on a background of dense lymphoid tissue with lymphoid follicles, all lined by mature squamous epithelium. All elements appear mature. Pancreatic head shows numerous cystic dilated ducts lined by flattened epithelium alternating with small cystic spaces lined by tall columnar epithelium exhibiting dysplasia. Common bile duct lining epithelium shows marked atypia and is surrounded by numerous clusters and neoplastic glands invading the underlying pancreas (Figs 5-8 ). Diagnosis: pancreatic adenocarcinoma, moderately differentiated mucin secreting arising in common bile duct region, infiltrating pancreatic head with absence of body and tail, measuring 6 9 4 9 4 cm with free surgical margins. Metastasis was noted in 2/24 peripancreatic lymph nodes. The presence of mature cystic teratoma was observed in the lateral peripancreatic region.
Patient was transferred to the surgical ICU; one night's monitoring was uneventful. He was then transferred to the floor on continuous insulin IV. CT scan (computed tomography scan) was then performed day 7 postoperation showing no intra-abdominal collections, drains were removed, patient was started on liquid diet, and no complications were encountered. Patient's diet was progressed and he was discharged home on insulin replacement therapy and pancreatic enzyme supplementation.
Discussion
Being part of the gastrointestinal organs system, the pancreas develops from the endoderm. Between the sixth and eighth week of embryonic life, two evaginations, dorsal and ventral, emerge from the primitive duodenum. The ventral evagination arises from a liver diverticulum and will eventually form the posterior part of the pancreatic head and the uncinate process. On the opposite site of the foregut, the dorsal evagination develops and will eventually form the tail and body of the pancreas. Later on, ducts begin to develop in a treelike fashion, endocrine cells appear, and the islets of Langerhans emerge with time [1, 2] . The pancreas is a retroperitoneal organ, extending from the duodenal arc to the spleen. It harbors two ducts: the main duct of Wirsung and the duct of Santorini [3, 4] .
With the advancement of imaging techniques, and increasing diagnostic workups made, pancreatic malformations are more described.
Total pancreatic agenesis has been described in the literature but is an extremely rare entity, usually incompatible with life, and associated mainly with sever intrauterine growth retardation [5, 6] . Other types of congenital anomalies of the pancreas are more frequently encountered such as pancreas divisum, common bile duct syndrome, ectopic pancreas, accessory pancreatic lobe, annular pancreas, and agenesis of the dorsal pancreas (Table 1) .
Over the last 100 years, 58 cases were reported with agenesis of the dorsal pancreas, whether partial or complete, with the latter being less frequent, and around nine cases only were associated with pancreatic tumor ( Table 2 ). The first case was published in 1911 [8] . It has been associated with pancreatic bud primary dysgenesis, ischemic insult to the organ during its development, and an autosomal dominant genetic mode of transmission [1, 9, 10] .
Agenesis of the dorsal pancreas is a rare congenital malformation, and its association with tumors makes it a hard condition to deal with. Many studies are trying to identify the reason behind this anomaly, with findings suggestive of genetic inheritance in an autosomal dominant mode or X-linked mode [11, 19] . Other hypotheses state a genomic activation process, notably the Sonic and Indian hedgehog genes [20] , HNF1b gene [18] , and others. As demonstrated by the literature review done, the cornerstone for curing tumors in association with dorsal agenesis of the pancreas is surgery. Most of the time, the lack of sufficient pancreatic tissue makes it hard to achieve safe margins without undergoing a total pancreatectomy. Our patient presented with an additional associated cystic teratoma. Adenocarcinoma associated or arising from previous teratoma tumors is by itself a rare entity [21] [22] [23] [24] . This constellation of presenting tumors with a rare congenital anomaly makes the genetic hypothesis in the frontline of investigations. Until today, the proper management of tumors associated with agenesis of the dorsal pancreas consists of surgical intervention for malignant cases and/or symptomatic benign cysts, with or without chemotherapy regimens with respect to the pathology finding. The additional challenge comes afterward involving pancreatic endocrine and exocrine replacement therapies. Such cases should be handled in referral center where patient's monitoring can be achieved optimally on the surgical and medical level.
Furthermore, associated genes should be evaluated in such patients and on a larger scale as well.
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